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Comparison of the effects of continuous and pulsed-wave light photodynamic therapy
H Masuda1, 2, M Kimura1, 2 and A Morita2 1 UHIO INC., Tokyo, Japan and 2 Department 
of Geriatric and Environmental Dermatology, Nagoya City University Graduate School of 
Medical Sciences, Nagoya, Japan
The irradiation intensity of a light irradiation system for photodynamic therapy (PDT) should be 
adjustable depending on the location and condition of the disease and lesions. Methods to control 
the intensity of the light produced by light-emitting diodes (LED) include pulse width modulation 
(PWM) and amplitude control. Here we examined the effects of PDT with continuous-wave light 
and pulsed-wave light. In PWM, the light source blinks at high speed and the brightness is controlled 
by changing the ON/OFF ratio. Due to its good cost-benefit ratio, this method is widely used in 
industrial products, but the effect of pulsed-light produced using PWM for PDT irradiation has 
never been studied. Therefore, we compared the effects of continuous-wave light and pulsed-wave 
light for PDT using an LED and PWM-controlled power supply. HaCaT cells were incubated with 
5-aminolevulinic acid (1 mM) for 4 h and irradiated with equal doses of continuous-wave light and 
pulsed-wave light emitted by LEDs controlled by a PWM-controlled power supply. After irradiation, 
the cells were incubated for 18 h and survival rate was examined by XTT-assay. The longer the ON 
pulse width, which is similar to continuous wave light, the lower the cell survival rate. This finding 
suggests that the generation of reactive oxygen species might be quenched during the OFF phase 
of the high-speed blinking LED. Therefore, we concluded that continuous wave light is preferable 
to pulsed-wave light for PDT irradiation. Controlling irradiation intensity with the amplitude control 
method increases PDT efficacy compared with the PWM method.    
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Role of UVB-induced IL-1 and neutrophils in dermal collagen alteration in murine skin
M Sharma1, 2 and V Werth1, 2 1 Dermatology, PVAMC, Philadelphia, PA and 2 Dermatology, 
Univ. of Pennsylvania, Philadelphia, PA
Short-term irradiation of mice with UVB induces many pro-inflammatory cytokines including IL-1α 
and influx of neutrophils, in the dermis. We evaluated the role of IL-1 and neutrophils in altering col-
lagen in the dermis. Female C57BL/6J mice were treated with anti-neutrophil antibody (400μg/day 
for 7 days; 2 days prior of UVB exposure). To study the effect of IL-1 we used IL-1ra transgenic mice 
(B6.CBA-Tg (Il1rn)1Dih/J). Mice were irradiated with UVB (100 mJ/cm2/day for 5 days), followed by 
harvesting of skin samples 3h after the 5th exposure to UVB. We assayed the mature relative to thin 
collagen content in the skin sections by picrosirius staining visualized under circular polarized light 
microscopy. The spectrum of polarization colors is a function of thickness of the sections, diameter 
of the fibers, and the packing of the collagen fibers. Polarized light differentiates collagen fibers as 
red or yellow (mature thick fibers) and green (thin, abnormal). UVB-irradiated neutrophil-depleted 
mice retained the same % red and green collagen as in sham-irradiated mice, while mature red 
collagen was decreased (0.44±0.03 vs 0.30±0.02, p<0.001) and % green collagen was increased 
in UVB-irradiated control mice (0.21±0.02 vs 0.30±0.02, p<0.001), suggesting neutrophils are 
important in mediating collagen changes. Wild type and transgenic non-irradiated mice had the 
same % red collagen, and UVB–irradiated TG mice did not change from sham compared to the 
decrease seen in WT-UVB irradiated mice (0.84±0.02 vs 0.74±0.020, p<0.01). UVB-irradiated 
TG mice showed fewer green fibers relative to WT UVB (0.12±0.017 vs 0.22±0.02, p<0.01). In 
contrast, green fibers were increased in WT UVB as compared to sham (0.22±0.02 vs 0.09±0.012, 
p<0.001), suggesting that IL-1 plays an important role in the collagen changes seen with UVB. 
Overall, our results demonstrate that neutrophil-depletion and IL-1ra prevent the development of 
thin, abnormal collagen seen with UVB-irradiated mice, suggesting a role for both neutrophils and 
IL-1 in dermal matrix alteration.    
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Light emitting diode-generated red light alters human fibroblast proliferation rate and migra-
tion speed through modulation of the PI3K/AKT pathway
A Mamalis1, 3, RR Isseroff1, 3, W Murphy1 and JR Jagdeo1, 3, 2 1 Dermatology, UC Davis, 
Sacramento, CA, 2 Dermatology, SUNY Downstate, Brooklyn, NY and 3 Dermatology, 
Sacramento VAMC, Mather, CA
Skin fibrosis is characterized by increased fibroblast proliferation, migration speed, and extracellular 
matrix deposition. We previously found that light emitting diode-generated red light (LED-RL) 633 
nm +/- 15 nm decreases human skin fibroblast proliferation and migration speed in a dose-dependent 
manner. Here we hypothesized that LED-RL inhibits fibroblast proliferation and migration speed 
through modulation of the PI3K/AKT pathway as we found no LED-RL induced Erk phosphoryla-
tion. To control for LED-RL–induced photothermal effects, each condition was matched with a 
temperature-regulated control plate. To test our hypothesis, fibroblasts were irradiated with LED-RL 
and cell lysates were collected for western blot analysis. We found that LED-RL at 320 and 640 J/
cm2 significantly increased phospho-AKT (S473) levels versus control (125 ± 4.8%, p <0.05 and 
154 ± 5%, p <0.05 relative to control, respectively) without significantly altering total AKT levels. 
Pretreatment with LY294002, an inhibitor of AKT phosphorylation, blocked the effects of 640 J/cm2 
LED-RL on proliferation (94.6 ± 6.1%, p = 0.455), as 640 J/cm2 LED-RL decreased proliferation to 
75 ± 5.6% relative to control (p = 0.004). Pretreatment of fibroblasts with LY294002 blocked the 
effects of 640 J/cm2 LED-RL on migration speed (98.4 ± 5% relative to control, p = 0.84), compared to 
640 J/cm2 LED-RL without LY294002 resulted in significantly decreased migration speed relative to 
control (73.2 ± 3.5%, p < 0.001). Our findings demonstrate that LED-RL decreases proliferation and 
migration speeds through modulation of the PI3K/AKT pathway and the inhibitory effects of LED-RL 
on fibroblast proliferation and migration speed can be abrogated by inhibiting AKT phosphoryla-
tion. Our findings contribute to the mechanistic understanding of the effect of LED-RL in vitro and 
provide a foundation for translational studies investigating light-based management of skin fibrosis.   
578
A meta-analysis of microRNAs expression profile in UV-radiation induced skin tumors 
R Prasad,1 T Singh,1 M Vaid1 and SK Katiyar1, 2 1 Dermatology, University of Alabama at 
Birmingham, Birmingham, AL and 2 Birmingham VA Medical Center, Birmingham, AL
MicroRNAs (miRNAs) are a group of short non-coding RNA molecules which play a major role in 
several important biological processes. About 3% of human genes encode for miRNAs which play 
critical roles in normal cellular functions. Due to their involvement in numerous cellular processes, 
including cell cycle, proliferation, apoptosis, oxidative stress, DNA damage, and epigenetics alter-
ations, miRNAs are being considered as advanced biomarkers for recognition of different cancers. 
MiRNAs can work both as tumor suppressors as well as oncogenes. Exposure of the skin to UV 
radiation is a major risk factor for skin cancer, however, little is known about the role of miRNAs 
in UV-carcinogenesis. Therefore, to unfold the role of miRNAs in skin cancer, UV-induced skin 
tumors were developed in SKH-1 hairless mice following standard photocarcinogenesis protocol 
(UVB, 180mJ/cm2; 3x/week, 24 weeks). Skin tumors and normal skin samples were subjected to 
a comprehensive screening analysis of 1208 miRNAs by Exiqon Services (Denmark). Our results 
demonstrate that a large number of miRNAs (574) are differentially expressed in tumor tissues 
compared to non-UV-exposed skin samples. From this large pool of aberrant miRNAs, specifically 
147 different miRNAs were up-regulated more than 1.5-12.0 folds, while 165 different miRNAs were 
down-regulated in the range of 1.5-5.0 folds in UV-induced skin tumors. Studies have shown that 
many of these miRNAs play important roles in DNA hypermethylation, cell proliferation, differen-
tiation, angiogenesis, cell survival, and activation of several molecular pathways in different types 
of cancers. We have identified a network of altered miRNAs (will be presented and discussed in 
meeting) and these may have roles in photocarcinogenesis by targeting various molecular mecha-
nisms. The detailed results of miRNAs expression profiling in UVB induced skin tumors may provide 
new insights on the discovery of potential biomarkers in photocarcinogenesis, and that may help 
to develop novel chemopreventive strategies for skin cancer.    
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Drinking green tea inhibits photocarcinogenesis in mice by upregulating the levels of miRNA-
29 and subsequently inhibition of DNA hypermethylation in tumors
SK Katiyar1, 2, T Singh1 and R Prasad1 1 University of Alabama at Birmingham, Birmingham, 
AL and 2 Birmingham VA Medical Center, Birmingham, AL
The family of small noncoding miRNA-29 directly targets the DNA methyltransferases (DNMT) 
and ten-eleven translocation (TET) enzymes that are frequently deviant in skin cancer. The altered 
levels of miRNA-29 have been linked to tumor progression. To investigate the chemopreventive 
mechanism of green tea polyphenols (GTPs, a mixture of catechins/epicatechins), skin tumors were 
developed in SKH-1 hairless mice by repeated exposures of UVB radiation (180 mJ/cm2, 3x/week 
for 24 wk) with or without the administration of GTPs (0.2%, w/v) in drinking water of mice. The 
inhibition of photocarcinogenesis by GTPs was associated with the: (i) inhibition of UV-induced 
DNA hypermethylation, DNMT activity and protein expressions of DNMTs, (ii) induction of TET 
activity and TET protein levels in UVB-induced skin tumors. (iii) The activity of DNMTs is regulated 
by transcription factors Sp1 and Sp3, and which were decreased in tumors after GTPs administration. 
The miRNA-29 targets two major regulators; DNMTs and TETs, to regulate DNA methylation. It was 
observed that the level of miRNA-29 was markedly decreased in UV-induced skin tumors, while 
restored after GTPs administration and that promotes DNA demethylation. GTPs also reactivate 
silenced tumor suppressors (p16, p21, and RASSF1A) in UV-induced skin tumors that contribute in 
prevention of photocarcinogenesis. To verify our observations, human skin cancer cells A431 were 
treated separately with GTPs (10 and 20 μg/ml, 5 days) or mimics of miRNA-29 (used as promoters). 
It was found that the levels of miRNA-29 were increased in A431 cells, which resulted in increase of 
DNA demethylation and TET activity, while DNMT activity was decreased. Together, these results 
suggest that restoration of miRNA-29 in UV-induced skin tumor microenvironment by GTPs play an 
important role in prevention of photocarcinogenesis in mice, and therefore miRNA-based strategies 
may be considered for the prevention of skin cancers.    
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TGF-beta signaling links E-cadherin loss to suppression of UVB-induced DNA repair
L Qiang,1 P Shah,1 M Barcellos-Hoff2 and Y He1 1 University of Chicago, Chicago, IL and 2 
New York University School of Medicine, New York, NY
Nucleotide excision repair (NER) is a versatile DNA repair pathway that eliminates a wide variety 
of helix-distorting base lesions induced by environmental carcinogenic sources, including two 
major products induced by solar ultraviolet B (UVB) radiation. However, the molecular mechanism 
by which UVB-induced DNA repair is regulated remains poorly understood. E-cadherin is a cell 
adhesion molecule best known for its function in suppressing tumor progression and metastasis. 
Here we show that E-cadherin promotes UVB-Induced DNA repair through positively regulating the 
expression of xeroderma pigmentosum complementation group C (XPC) and DNA damage-binding 
protein 1 (DDB1). Loss of E-cadherin activates the E2F4 and p130/107 transcription repressor 
complexes to suppress the transcription of both XPC and DDB1 through activating the TGF-beta 
pathway. Adding XPC or DDB1, or inhibiting the TGF-beta pathway, increases the repair of UVB-in-
duced DNA damage in E-cadherin-inhibited cells. In sun-associated premalignant and malignant 
skin neoplasia, E-cadherin is down-regulated in association with reduced XPC and DDB1 levels as 
compared with normal sun-protected normal skin. These findings demonstrate a crucial new role of 
E-cadherin in efficient repair of UV-induced DNA damage and suggest a mechanistic link of early 
E-cadherin loss in UVB-induced tumor initiation.    
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Toll-Like Receptor-4 deficiency enhances repair of ultraviolet radiation induced DNA damage 
in skin and prevents skin cancer
M Chang, MO Ata, IA Tamimi, I Ahmad, SK Katiyar, CA Elmets and N Yusuf Dermatology, 
University of Alabama at Birmingham, Birmingham, AL
Ultraviolet B (UVB)-induced DNA damage in the form of cyclobutane pyrimidine dimers (CPD) 
plays a critical role in skin carcinogenesis. XPA (Xeroderma pigmentosum complementation group 
A) is a repair enzyme that gets activated upon UVB-induced DNA damage. Toll-like receptors, 
one component of innate immunity, are intricately associated with host immunity. The purpose of 
this study was to determine whether repair of UVB-induced DNA repair responses is regulated by 
toll-like receptor-4 (TLR4). TLR4-deficient and wild type (WT) mice were subjected to 90 mJ/cm2 
UVB radiation. WT mice exhibited significant (p<0.05) DNA damage in the form of CPD, whereas 
TLR4-deficient mice developed significantly fewer cutaneous CPD (p<0.05). The expression of XPA 
mRNA and protein was significantly less (p<0.05) in skin from WT mice than TLR4-deficient mice 
after UVB exposure. This was followed by a concomitant decrease in XPA expression. When mice 
were exposed to multiple doses of UVB radiation (200 mJ/cm2) for 40 weeks, cutaneous carcino-
genesis was retarded in terms of tumor incidence and latency in TLR4-deficient mice compared 
to TLR4-competent mice, whereas significantly greater (p<0.05) numbers of tumors developed in 
TLR4-competent mice. There was significant (p<0.05) up-regulation of cutaneous inflammatory 
markers in TLR4-competent mice compared to TLR4-deficient mice. To study whether TLR4-me-
diated DNA damage, inflammation, and tumor development is due to this repair mechanism, we 
generated TLR4-/-/XPA-/- mice by crossing TLR4-/- and XPA-/- mice. After two weeks of exposure 
to UVB (25 mJ/cm2), severe sunburn was observed in the skin of all XPA-/- mice, whereas only 
50% of TLR4-/-/XPA-/- mice developed sunburn. There was minimal sunburn observed in WT mice 
and TLR4-/- mice remained free of sunburn. Future studies will examine inflammatory markers in 
these mice. Thus, strategies to inhibit TLR4 may allow us to develop preventive and therapeutic 
approaches for management of UVB-induced cutaneous DNA damage and skin cancer.    
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Ultraviolet radiation, both UVA and UVB, influences the composition of the skin microbiome
EM Burns,1 A Shaheen,1 A Muzaffar,1 C Al-Sadek,1 T Foy,1 M Abdelgawwad,1 S Huda,1 
PN Isedeh,2 R Kumar,3 T Ptacek,4 HW Lim,2 IH Hamzavi,2 CD Morrow,5 CA Elmets1 
and N Yusuf1 1 Dermatology, University of Alabama at Birmingham, Birmingham, AL, 2 
Dermatology, Henry Ford Hospital, Detroit, MI, 3 Center for Clinical and Translational 
Science, University of Alabama at Birmingham, Birmingham, AL, 4 Microbiology, University 
of Alabama at Birmingham, Birmingham, AL and 5 Cell, Developmental, and Integrative 
Biology, University of Alabama at Birmingham, Birmingham, AL
Inhabiting each square centimeter of skin are approximately 1 million bacteria from hundreds of 
distinct species. Recent studies have begun to investigate the complex relationship between host and 
microorganisms leading to non-infectious pathologies such as acne, atopic dermatitis, and psoriasis. 
Though the skin is continuously exposed to external environmental stressors such as ultraviolet 
(UV) radiation, there have been no studies examining the effects of UV on the skin microbiome. 
To test our hypothesis that UV will alter the cutaneous microbiome, 22 participants were exposed 
to various doses of UVA (22-47 J/cm2) or UVB (100-350 mJ/cm2) and skin was swabbed before, 
immediately after, and 24h after UV exposure. DNA was isolated from the swabs and sequenced to 
identify the microbial composition for each sample. There was vast intra- and inter-subject variation 
in the skin microbiome at all time points, and phylum- and species-level differences were identified. 
Specifically, within the Proteobacteria phyla, an increase of the order Burkholderiales was observed 
after UV compared to pre-UV (59% vs 24%, p=0.0172). There was no clear difference in microbial 
composition between UVA- and UVB-irradiated skin; however, the sensitivity of various microbes 
to UV as well as their re-colonization potential following exposure differed. Taken together, the 
results demonstrate that UV radiation, both UVA and UVB, has profound qualitative and quantitative 
influences on the composition of the skin microbiome, which may affect skin diseases in which UV 
radiation is a factor, and may contribute to the efficacy of phototherapy and photochemotherapy.   
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Clinicopathological features of Bowen’s disease resistance to methyl aminolevulinate pho-
todynamic therapy
T Gracia-Cazaña,1 J Vera-Alvarez,2 A Juarranz,3 I Pastushenko,4 N Salazar,3 S Gonzalez5 
and Y Gilaberte6 1 Dermatology, Hospital Barbastro, Barbastro, Spain, 2 Pathology, Hospital 
San Jorge, Huesca, Spain, 3 Biology, Universidad Autónoma de Madrid, Madrid, Spain, 4 
Université Libre de Bruxelles, Brussels, Belgium, 5 Dermatology, Memorial Sloan-Kettering 
Cancer Center, New York, NY and 6 Dermatology, Hospital San Jorge, Huesca, Spain
Although response rates of Bowen’s Disease (BD) to methyl aminolevulinate (MAL) photodynamic 
therapy (PDT) are high, there are some cases not responding properly. The aim of our study was to 
evaluate the influence of clinicopathological and immunohistochemical features of BD associated 
with the therapeutic response to MAL-PDT. A retrospective study of patients with BD treated with 
MAL-PDT in San Jorge Hospital (Spain), from January 2006 to December 2013, was performed. 
Clinical, histological (elastosis,epidermal thickness and mitosis), immunohistochemical charac-
teristics (p53, Ki67, cyclin D1, COX2, E-cadherin, EGFR) and PDT procedure parameters were 
evaluated, their association with the treatment response was consequently studied. 58 patients 
were included: 44 good responders to MAL-PDT (13 with histological material available); 8 poor 
responders (2 with histological material); and 6 patients were lost to the follow up. No clinical or 
procedure PDT features were associated with the response. The histological analysis showed fewer 
mitosis (median=0) in the group of responders compared to the non-responder group (median=2) 
(p=0.571). In the immunohistochemical study, 100% of tumors with good response expressed p53 
compared to 50% of tumors without response (p=0.133); moreover, the percentage of positive cells 
was higher in the former (45%) than in the later (5%) (p=0.076). The median of Ki67 expression in 
responders was 60% and 48% in non-responders (p=0.476). In contrast, the expression of cyclin 
D1 was intensively positive in 100% of non-responders tumors versus weak expression in 53.8% 
of responders ones (p=0.099). In conclusion, the expression of p53 and Ki67 seems to be markers 
of good response to MAL-PDT for BD, whereas the expression of cyclin D1 could be a marker of 
poor response.    
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Circadian rhythm and skin inflammation
AK Suggs, J Selph, M Lam and ED Baron Dermatology, Case Western Reserve University, 
Cleveland, OH
The circadian rhythm (CR) controls multiple physiologic functions in animals and humans. The 
central clock is located in the suprachiasmatic nucleus of the hypothalamus but peripheral clocks 
have been found in various cell types including keratinocytes, fibroblasts and immunologic cells. 
Circadian rhythmicity of cellular functions can be marked by diurnal variations in clock gene 
expression patterns. Our goal was to determine whether acute skin inflammation from a controlled 
dose of UV exposure demonstrates a circadian pattern, and whether this was accompanied by 
changes hair follicle clock gene expression. We exposed a series of 5 healthy adult subjects to one 
minimum erythema dose (MED) of simulated solar radiation (SSR) at 8:00 hours and 16:00 hours. 
Colorimetric quantification of erythema 24 hours post UV exposure indicated that there was a 
significantly lower threshold to sunburn at 8:00 compared to 16:00 hours. Hair follicle sampling 
was performed in 3 of these subjects at 8:00 and 16:00 and showed significant differences in gene 
expression levels of Per1, Rev-erb-alpha and Ror-alpha but not in Bmal1. These preliminary data 
suggest that UV-induced skin inflammation is influenced by CR and accompanied by changes 
in clock gene expression. Further studies elucidating underlying mechanisms and patterns could 
provide knowledge on more optimal control of acute skin inflammatory responses and management 
of chronic inflammatory diseases, such as psoriasis and eczema.    
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Ultraviolet Radiation (UVR) induced cytogenetic damage in melanocytes of White, Hispanic 
and Black skin
A Dasgupta1 and M Katdare1, 2 1 Hampton University Skin of Color Research Institute, 
Hampton, VA and 2 Eastern Virginia Medical School, Norfolk, VA
Cutaneous Melanoma (CM) is the 6th common cancer in the US and leading cause of cancer deaths 
among young adults. Age-adjusted incidence is lower among Blacks and Hispanics compared to 
White population. Recent reports indicate a trend of 3% annual increase in the incidence rate of 
melanoma among Hispanics, similar to the Whites. DNA damaging effect of UVR from Sun is a 
known risk factor for CM. Melanin in skin is suggested to render photo-protection from UVR. UV-in-
duced DNA damage leads to formation of micronuclei (MN), multinuclei (MLTN) and polymorphic 
nuclei (PMN) in cells. These cytogenetic defects serve as surrogate markers of cancer risk. The 
causative relationship between sun exposure and CM is controversial. Present study was designed 
to evaluate the UV-induced cytogenetic damage in melanocytes from White, Hispanic and Black 
skin. Primary cell lines of melanocytes from White, Hispanic and Black foreskin were exposed 
to 200mJ/cm2 UVR to assess their sensitivity to UVR. Melanocytes with MN, MLTN and PMN 
observed at 24 and 72hrs post-UVR reflected their susceptibility to UVR. The constitutive levels of 
MN, MLTN and PMN observed were similar in all the three types of melanocytes. Our data exhibit 
sensitivity to UV-induced cytogenetic damage in all three types of melanocytes correlating with 
their cellular melanin. White and Hispanic melanocytes showed significant susceptibility to cyto-
genetic damage measured as presence of MN at 24 and 72hrs post UVR. No significant difference 
was observed in MN containing melanocytes of black skin in response to UVR. All three types of 
melanocytes exhibit non-significant difference in presence of MLTN and PMN post UVR. The data 
highlights the sensitivity of normal Hispanic melanocytes to UV-induced cytogenetic damage. The 
relationship between skin pigmentation and UV-induced photo-damage needs critical evaluation. 
The quantity and quality of cellular melanin may influence UV-induced DNA damage and risk for 
CM irrespective of skin of color.    
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Evaluation of DNA damage biomarker expression in UV-exposed human keratinocytes using 
sphingomyelin treatment
KT Campbell, K Bishard, K Cardenas and L Laiho Biomedical Engineering, California 
Polytechnic State University, San Luis Obispo, CA
Here we present the use of sphingomyelin (SM) from bovine milk for UV protection in human 
primary epidermal keratinocytes (KRTs) to prevent DNA mutations that result from chronic UV 
exposure. UV radiation has the potential to lead to DNA damage which triggers biochemical path-
ways within a cell. The result is that the cell either undergoes cell cycle arrest, giving the cell time 
to repair DNA damage, or apoptosis. Several biomarkers were used to observe the potential rescue 
effects of SM on KRTs from UV-induced damage. In particular, the presence of p21 was observed 
to assess the DNA damage present following UV exposure. Non-SM treated KRTs and KRTs treated 
with 0.1% SM media 24 hours prior to UV radiation were fixed and IF-stained at 24 hours after 40 
mJ/cm2 of UV exposure. The p21 response showed significant differences between the SM treated 
and non-SM treated cells at the UV dosage level (p<0.05). This decrease in p21 expression in KRTs 
treated with SM exposed to UV supports the application of SM as a protective agent against UV 
induced DNA damage. In addition, preliminary research with Caspase-3 to determine apoptosis, p53 
to detect DNA damage, and EdU to assess proliferative capacity shows trends which might suggest 
that SM imparts photoprotective properties to KRTs. These findings suggest that SM treatment may 
provide UV related protection to KRTs through reducing DNA damage and that SM may potentially 
reduce cellular degradation and apoptosis.    
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Alternative keratin 17 expression variation is induced by different doses of narrow-band 
ultraviolet B in keratinocytes via Erk1/2-dependent mechanism
C Han, L Jin, E Dang and G Wang Department of Dermatology, Xijing Hospital, Fourth 
Military Medical University, Xi’an, China
Keratin 17(K17), as a psoriasis associated keratin, is specifically highly expressed in psoriatic epider-
mal keratinocytes. We previously reported that IL-17A and IL-22 up-regulate K17 expression through 
STAT1/3 or Erk1/2 signal pathway. Narrow-band ultraviolet B (NB-UVB) is one of the effective and 
commonly method in psoriasis therapy. However, the impact of NB-UVB on K17 expression has 
yet to be determined. This study is to investigate the effects of NB-UVB on the expression of K17 in 
vivo and in vitro. We found that the mRNA and protein expression of K17 were increased at 100mJ/
cm2 and decreased at 400mJ/cm2 in normal human epidermal keratinocytes (NHEK). We obtained 
the similar results from the imiquimod-induced psoriasis-like skin inflammation in mice under the 
stimulation of NB-UVB. We further investigated the mechanism of the regulation. When Erk1/2 
phosphorylation induced by NB-UVB was blocked, the K17 expression induced by 100mJ/cm2 dose 
of NB-UVB was inhibited. These data suggest that 100mJ/cm2 doses of NB-UVB could increase K17 
expression through Erk1/2-dependent mechanism, while 400mJ/cm2 doses of NB-UVB could inhibit 
K17 expression. These results indicate that alternative K17 expression variation induced by NB-UVB 
could be one of the psoriasis therapy mechanisms of NB-UVB in the clinic.    
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Involvement of AhR-dependent COX-2 generation in the mechanism of antifungal 
voriconazole-induced, UV-associated skin cancer development
S Ikeya, J Sakabe and Y Tokura Dermatology, Hamamatsu University school of Medicine, 
Hamamatsu, Japan
Voriconazole (VRCZ), a triazole antifungal agent, promotes the development of ultraviolet (UV)-as-
sociated skin cancers, typically actinic keratosis and squamous cell carcinoma (SCC), as an adverse 
effect. The use of VRCZ is an independent risk factor of cutaneous SCC after transplantation. 
However, the mechanism underlying the VRCZ-induced tumorigenesis remains largely unknown. 
To address this issue, we enumerated cyclobutan pyrimidine dimer (CPD) by ELISA and apoptotic 
cells by flow cytometry in normal human epidermal keratinocytes (NHEK) that were cultured with 
VRCZ and irradiated with UV. Subsequently, we focused on aryl hydrocarbon receptor (AhR) 
signaling, since ketoconazole, belonging to imidazole, can activate the AhR signaling. We found 
no substantial changes in CPD or apoptosis by VRCZ. However, we observed clear alterations on 
AhR signaling as follows. The effects of VRCZ on AhR activation and cyclooxygenase-2 (COX-
2) expression were investigated in NHEKs, HaCaT keratinocytes, and cutaneous SCC cell lines. 
Immunofluorescence study revealed that VRCZ elicited nuclear translocation of AhR from the 
cytoplasm in NHEKs. By RT-PCR, VRCZ upregulated the mRNA expression of cytochrome 1A1, 
1A2, and 1B1, which are hallmarks of AhR signaling activation. Thus, it is convinced that VRCZ 
is an AhR agonist. Next, we examined whether AhR activation by VRCZ upregulates COX-2. By 
RT-PCR, COX-2 mRNA expression was increased by VRCZ typically in HaCaT cells. This effect 
was canceled by the pretreatment of cells with an AhR antagonist, confirming the dependency of 
VRCZ-induced COX-2 upmodulation on AhR. These results suggest that AhR-dependent COX-2 
generation is involved in the mechanism of VRCZ-induced skin cancer development. COX-2 and 
PGE2 promotes tumorigenesis. After UVB radiation, tryptophan photoproduct, an endogenous 
AhR ligand, upregulates COX-2. Our study suggests that VRCZ further promotes the UV-induced 
AhR-COX-2 signaling, leading to skin cancer development.    
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The tumor suppressor p27KIP1 in keratinocytes is regulated via an autocrine mechanism involv-
ing the aryl hydrocarbon receptor (AHR)
M Pollet, J Krutmann and T Haarmann-Stemmann IUF, Düsseldorf, Germany
The cyclin-dependent kinase (CDK) inhibitor p27 is a negative regulator of cell-cycle and acts as 
a potent tumor suppressor in multiple tissues. High levels of p27 elevate the efficiency of apopto-
sis-inducing drugs, implying that p27 modulation may be a suitable strategy to alter the apoptosis 
susceptibility of cells under genotoxic stress. Apoptosis plays an important role in UV-irradiated 
skin as it effectively restrains skin carcinogenesis. Recently, we found that the AHR, a ligand-acti-
vated and UVB-sensitive transcription factor, attenuates apoptosis in UVB-exposed keratinocytes 
(KC). AHR inhibition was associated with a loss of proper replication checkpoint function and 
an enhanced elimination of damaged cells via apoptosis. As underlying key event, we identified 
an enrichment of p27 protein and an inhibition of CDK2, indicating that p27 is regulated in an 
AHR-dependent manner in human KC. Now we asked how the AHR affects p27 in human KC. p27 
is primarily regulated at the post-translational level and several kinases, e.g. AKT, are known to 
phosphorylate p27 to alter its cellular localization and induce its proteasomal degradation. We found 
that the enhanced p27 level in AHR-knockdown KC (HaCaT-shAHR) was associated with a reduced 
phosphorylation of AKT. Overexpression of myristoylated (active) AKT decreased p27 protein in 
HaCaT-shAhR, whereas exposure of AHR-proficient HaCaT-EV to PI3K inhibitors reduced AKT 
phosphorylation and increased the p27 level. The alterations in p27 level and AKT phosphorylation 
in HaCaT-shAHR were associated with a reduced phosphorylation of EGFR, indicating that the AHR 
triggers basal EGFR activity to regulate p27 protein level. In fact, HaCaT-shAHR expressed lower 
levels of EGFR ligands, and EGFR stimulation restored the apoptosis resistance of the cells upon 
UVB irradiation. In summary, our study identifies an autocrine and AHR-dependent mechanism 
to control the p27 level and associated DNA damage responses in human KC. It thus supports the 
concept that targeting AHR is an effective strategy for the prevention of UV-induced skin cancer.   
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Combining ethanol and UVB results in augmented acute cutaneous and systemic effects via 
augmented Platelet-activating factor production
J Weyerbacher,1 R Sahu1, 2, RL Konger2 and JB Travers1 1 Dermatology, Indiana University, 
Indianapolis, IN and 2 Pathology, Indiana University, Indianapolis, IN
Pro-oxidative stressors including UVB generate the lipid mediator Platelet-activating factor (PAF) 
as well as oxidized glycerophosphocholines (Ox-GPCs), which act as potent PAF receptor (PAF-R) 
agonists. Importantly, these PAF-R agonists result in acute pro-inflammatory responses, and have 
been implicated in the enhanced photosensitivity associated with xeroderma pigmentosum com-
plementation group A deficiency (J. Biol. Chem 287:9311-21, 2012). As there are anecdotal reports 
suggesting that systemic ethanol exposure can augment UVB effects, these studies were designed to 
test if ethanol can modulate PAF production and whether a combination of ethanol with sub ery-
thematic dose of UVB can synergistically potentiate PAF production as well as PAF-mediated acute 
pro-inflammatory effects. Using the human keratinocyte-derived cell line, HaCaT, we demonstrate 
that preincubation with ethanol resulted in an augmentation of PAF production in response to low 
doses of UVB. Of interest, mass spectrometry-based structural studies revealed the presence of enzy-
matically produced PAF, rather than non-enzymatically generated Ox-GPCs. Pretreatment of mice 
with systemic ethanol resulted in an augmented skin production of PAF-R agonists in response to 
UVB. We noted that UVB irradiation of PAF-R positive wild-type vs PAF-R-deficient mice pre-treated 
with systemic ethanol resulted in an augmentation of skin erythema only in ethanol treated group 
in a PAF-R dependent fashion. Moreover, the combination of ethanol + UVB resulted in systemic 
toxicity, including lung inflammation only in wild-type mice and not in the PAF-R-deficient mice. 
These studies provide the first evidence for PAF involvement in ethanol-mediated acute toxic effects.   
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Silymarin mediated DNA repair is a mechanism for suppression of UVB induced Treg cells 
and prevention of photocarcinogenesis
H Li, D He, T Singh, R Prasad, SK Katiyar and H Xu Dermatology, University of Alabama at 
Birmingham, Birmingham, AL
Ultraviolet (UV) radiation induced DNA damage is a key factor for the induction of immunosup-
pression and development of skin cancers. Mutation or deficiency in xeroderma pigmentosum 
complementation group A (XPA) gene (XPA-/-) cause a deficiency in repair of UV induced cutaneous 
DNA damage and increases the susceptibility to UV induced carcinogenesis in humans and mice. 
Our previous studies have demonstrated that topical application of silymarin can inhibit UVB 
induced immunosuppression and prevent UVB induced skin carcinogenesis in mice. In this study, 
we intend to determine whether silymarin mediated DNA repair is a mechanism for its chemopre-
ventive effects on UVB induced Treg cells and skin carcinogenesis. Our findings showed that topical 
treatment of silymarin inhibited UVB induced suppression of contact hypersensitivity responses in 
wild type (WT) mice but not in XPA-/- mice. We found that UVB induced the development of CD4+ 
Treg cells in XPA-/- mice and in their WT counterparts. Silymarin significantly inhibited Treg cells 
in UVB treated WT mice (P<0.05) whereas it was not effective in XPA-/- mice. Further experiments 
indicated that silymarin inhibited the ability of Treg cells from UVB treated WT mice to transfer 
immunosuppression in untreated wild type mice (P<0.05). In contrast, silymarin did not diminish 
the capacity of Treg cells from UVB treated XPA-/- mice to transfer immunosuppression in untreated 
wild type mice. Finally, we found that silymarin significantly inhibited photocarcinogenesis in WT 
mice (P<0.05). However, it did not have a significant effect on photocarcinogenesis in XPA-/- mice. 
Collectively, our findings indicate that silymarin mediated DNA repair is a mechanism for the 
inhibition of UVB induced development of Treg cells and prevention of UVB induced immunosup-
pression and photocarcinogenesis. The study provides further support for application of silymarin 
in chemoprevention of UV induced skin carcinogenesis.    
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Rab23 regulates UVB-induced autophagy via ERK/mTOR Signaling Pathway in epidermal 
keratinocytes
M Huang,1 J Qiang1 and C Li2 1 Department of Dermatology, Department of Dermatology, 
Xijing Hospital, the Fourth Military Medical University, Xi’an, China and 2 Department of 
Dermatology, Chinese People’s Liberation Army General Hospital, Beijing, China
Autophagy is a conserved cellular process that controls protein and organelle degradation, and has 
essential roles in survival, development and homeostasis. Multiple signaling pathways and GTPases 
have been found to be involved in the regulation of autophagy. Ultraviolet B (UVB), an important 
environmental factor, can activate autophagy which in turn promotes skin damage and skin cancer 
formation. However, its mechanism remains unclear. In this study, we demonstrated that Rab23 
plays a pivotal role in the UVB-induced autophagy. Firstly, we found that Rab23 and autophagy 
levels were increased in human actinic keratoses. And there were co-upregulation of Rab23 and 
autophagy-related protein LC3 and Beclin1 in HaCaT keratinocytes after UVB irradiation. Secondly, 
overexpression of Rab23 enhanced UVB-induced autophagy, while knockdown of Rab23 resulted 
in inhibition of UVB-induced autophagy. Furthermore, we investigated the role of Rab23 in regu-
lation of extracellular signal-regulated kinase (ERK) and mammalian target of rapamycin (mTOR) 
pathways, which are important signaling pathway of autophagy. The exposure to UVB markedly 
activated ERK and suppressed phosphorylation of mTOR. Overexpression of Rab23 increased ERK 
phosphorylation and decreased mTOR phosphorylation, while knock down of Rab23 inhibited 
ERK phosphorylation and upregulated mTOR phosphorylation. Inhibition of ERK phosphorylation 
attenuated UVB-induced autophagy in Rab23 overexpression HaCaT keratinocytes by increasing 
the expression of mTOR. Taken together, our findings indicated that Rab23 is involved in UVB 
induced autophagy by the ERK/mTOR pathway.    
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Platelet-activating factor receptor agonists generated by radiation therapy thwart host anti-tu-
mor immunity 
R Sahu,1 RL Konger1 and JB Travers2 1 Pathology, Indiana University, Indianapolis, IN and 2 
Dermatology, Indiana University, Indianapolis, IN
Pro-oxidative stressors including UVB generate the lipid mediator Platelet-activating factor (PAF) 
as well as oxidatively-cleaved glycerophosphocholines (Ox-GPCs) which act as potent PAF recep-
tor (PAF-R) agonists. Importantly, these PAF-R agonists mediate systemic immunosuppression and 
modulate the growth of several cancers including melanoma. Notably, melanoma tumors are often 
resistant to various therapeutic regimens including radiation therapy. Given that ionizing radiation 
therapy with x-rays (XRT) are frequently used in clinics either alone or in combination with other 
therapies against solid tumors including melanoma, investigation of novel target(s) involved in tumor 
cell resistance to therapeutic doses of XRT could enhance its clinical outcomes. As XRT also acts as 
a potent pro-oxidative stressor, the current studies investigated if XRT generates PAF-R agonists and 
that could thwart host anti-tumor immunity against melanoma. We demonstrate that XRT treatment 
of murine B16F10 melanoma cells in vitro or tumors subcutaneously implanted on syngeneic mice 
generate PAF-R-agonists, which mass spectrometry revealed both PAF and Ox-GPC PAF-R agonist 
formation. Pretreatment of cells with antioxidants, vitamin C or N-acetyl cysteine partially blocked 
XRT-mediated PAF-R agonist production, indicating involvement of reactive oxygen species.Using 
a dual tumor implantation model, we show that XRT of one tumor resulted in an augmentation of 
secondary (untreated) tumor growth (blockade of an abscopal effect) in PAF-R-expressing but not in 
PAF-R-deficient mice. Interestingly, XRT-mediated PAF-R-dependent enhanced tumor growth was 
blocked by cyclooxygenase-2 (COX-2) inhibitors. Furthermore, in clinical studies we detected PAF 
and several novel Ox-GPCs in human tumors following radiation therapy. These studies indicate 
that XRT is a potent generator of PAF-R agonists which block tumor immunity, and thus provide a 
novel previously unrecognized potential mechanism for treatment failure.    
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Lipid oxidation patterns and kinetics in keratinocytes undergoing senescence-promoting stress 
or replicative senescence
MS Narzt1, 2, IM Nagelreiter1, 2, S Karner,1 J Grillari3, 2, K Figlak,2 M Filzwieser,2 V Bochkov,4 
E Tschachler1 and F Gruber1, 2 1 Dermatology, Medical University of Vienna, Vienna, Austria, 
2 CD Laboratory for Biotechnology of Skin Aging, Vienna, Austria, 3 Biotechnology, BOKU 
- University of Natural Resources and Life Science, Vienna, Austria and 4 Pharmaceutical 
Sciences, University of Graz, Graz, Austria
Oxidation of lipids and proteins is not only a manifestation of aged skin but also potentially caus-
ative for age-related aesthetic decline and pathologic damage. Extrinsic oxidative stress, like UV 
radiation promotes the accumulation of reactive lipid oxidation products. To study which oxidation 
products are generated by UV and other age promoting stressors and in replicative senescence of 
keratinocytes, we performed lipidomic analysis of oxidized and non-oxidized phospholipids (PL) 
using a HPLC-tandem-MS method. With that approach we could quantify >450 oxidized lipid 
species in KC after physiological UVA stress, exposure to Paraquat and over replicative senescence. 
We also performed analysis of global mRNA expression and of selected cyto/chemokines and stress 
response enzymes on protein level. We found, unexpectedly, that immediately after UVA-1 radiation 
PL containing esterified dicarboxylic acids show higher accumulation than PL hydroperoxides and 
–hydoxides but returned to baseline levels after 24h. Exogenously added UV-oxidized PL caused a 
massive increase of F and E,I,D class PL-Isoprostanes levels after 24h. The expression profiling of the 
stressed KC we performed in parallel indicated that part of the observed changes in the lipid profile 
is compatible with the transcriptional regulation of lipid/ prostanoid metabolism enzymes. Over 
the process of KC replicative senescence we observed also increased dicarbocylic acid- and later 
isoprostanoid PL formation. Plasma isoprostanoids have recently been correlated to aging (also of 
the skin), this study shows kinetics of these and many other mediators in stressed and senescent KC.   
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UVA and UVB induce different sets of long non-coding RNAs
TM Ruenger1 and K Yo1, 2 1 Dermatology, Roger Williams Medical Center, Boston University, 
Providence, RI and 2 Dermatological R&D, POLA Chemical Industries, Yokohama, Japan
In response to ultraviolet light, cells alter gene expression, switching on a variety of damage response 
pathways. Some of these changes are mediated by UV-induced DNA damage or oxidative stress. 
Long non-coding RNA (lncRNA) is a recently described class of RNA. Some lncRNAs are involved 
in gene regulation, e.g. during development and tumorigenesis, but the functions of most of the 
lncRNAs remain unknown. We hypothesized that lncRNAs also mediate alterations of gene expres-
sion following UV exposure and screened for UV-induced changes in lncRNA expression using a 
DNA microarray that contains probes for more than 12,000 lncRNAs. Human neonatal fibroblasts 
were irradiated with 200 kJ/m2 UVA or 500 J/m2 UVB and RNA was harvested 6 and 24 hours after 
irradiation. 660 lncRNAs were found up- or downregulated more than 2-fold by UVA and 3559 
lncRNAs by UVB. 21 candidate lncRNAs were chosen for confirmation by qPCR based on extend 
of expression changes and several other quality criteria. Ultimately, three lncRNAs were found to 
be consistently and dose-dependently upregulated, and one downregulated. These responses were 
found to be specific for the wavelength, two of them being altered by UVA only, and two by UVB 
only. The functions of these lncRNAs are unknown. Some lncRNAs affect expression of neighboring 
protein-coding genes. Screening for expression changes of such genes in the vicinity of these four 
lncRNAs, we found two genes altered in parallel with the expression change of the lncRNA. UVB 
irradiation induced the lncRNA LOC389641 in parallel to the neighboring TNFRSF10A, a member of 
the tumor necrosis factor receptor superfamily, and the lncRNA IMMP2L-IT1 in parallel to IMMP2L 
(mitochondrial inner membrane protease subunit 2). This suggests that the UVB-induced upregula-
tion of TNFRSF10A and the downregulation of IMMP2L are mediated by the two lncRNAs in their 
vicinity. In summary, these results indicate an important role of lncRNAs in the cellular response to 
UV. They also provide further evidence that the cellular responses to UVA and UVB are different.   
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Effect of TNFα blockade on UV-induced changes in the skin
J Langenhan2, 1, M Sharma1, 2, ES Robinson1, 2, E Privette1, 2, R Feng,3 J Okawa1, 2 and V Werth1, 
2 1 PVAMC, Phil, PA, 2 Derm, U Penn, Phil, PA and 3 Biostat and Epi, U Penn, Phil, PA
TNFa is required in vivo for UVB-induced infiltration of mast cells into skin and plays a role in 
photodamage and photoaging. To determine the effect of TNFα blockade on skin exposed to UV, 
we recruited psoriasis patients treated with (n=10) or without (n=10) TNFα inhibitors. Biopsies 
were collected from non-lesional forearm skin at baseline, 24h and 48h after 1 MED exposure 
with a solar simulator (UVA/UVB). Epidermal and dermal thickness and mast cell infiltrate were 
assessed with light microscopy. Collagen composition was determined by visualizing picrosirius 
red stained sections with circular polarized microscopy and analyzed for hue composition. All 
subjects were Caucasian men, aged 39-79, with Fitzpatrick skin types from I-IV. Patients were 
taking TNFα inhibitors for mean of 32.5 months (range 3-120). Patients on TNFα inhibitors have 
epidermis that is 38.8 ± 16.9um thicker than patients off TNFα inhibitors at baseline (p=0.0402). 
There was a significant change in epidermal thickness from baseline at 24hr and 72 hr MED in 
patients off TNFα inhibitors (p=0.0020, p=0.0039), but no significant change in those on TNFα 
inhibitors at either time point. Of the biopsies that went to fat in those on TNFα inhibitors (n=5) 
and those off TNFα inhibitors (n=4), no significant difference in dermal thickness was observed at 
baseline. No significant difference was found in the number of mast cells per 20x field between 
either group at baseline and there was no significant change in mast cells at 24 and 72 hr MED in 
either group. Collagen composition analysis revealed no significant difference in the percentage of 
mature collagen fibers in either group at baseline. Combined UVA/UVB exposure did not result in a 
significant change in percentage of mature fibers in either group at either time point. There was no 
correlation of epidermal response to UV and collagen composition. Our results are reassuring that 
the use of TNFα inhibitors does not significantly affect collagen quality or inflammatory response 
in the setting of UV exposure.    
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Distinctive molecular and cellular responses to UVB in keratinoctyes and melanocytes
M Nakatani, A Kim and L Liu Dermatology, Columbia University, New York, NY
Solar ultraviolet (UV) irradiation is the major risk factor for both melanoma and non-melanoma 
skin cancers. There remains a significant gap in our understanding of how UV interacts with skin 
cells at the molecular level to promote skin photocarcinogenesis. To gain a more complete view of 
genes and pathways involved in skin photocarcinogenesis, we performed comprehensive transcrip-
tomic analyses to identify shared and/or distinctive genes and pathways mediating UVB responses 
in keratinocytes and melanocytes. Primary human keratinocytes and melanocytes were subcul-
tured and irradiated by different doses of UVB (10, 20, and 30 mJ/cm2), then collected at different 
time points post UVB irradiation (4 hours, 1 day and 3 days, respectively) for expression profiling 
analysis by RNA-Seq. Under non-stimulated conditions, keratinocytes and melanocytes expressed 
approximately 35% of the entire genome despite that each cell type expressed a distinctive subset 
of genes pertaining to their specific cellular identity. Upon UVB irradiation, we found that melano-
cytes exhibited a smaller scale of UVB-induced gene dysregulation than keratinocytes did, which 
coincided with the observation that melanocytes were more resistant to UVB-induced cell death 
while UVB drastically reduced the viability and survival of keratinocyte, highlighting a cell-type 
specific molecular response to UVB. In addition, we found that early UVB-response gene set (4h 
post irradiation) differed significantly from the intermediate (1d) and late (3d) responsive gene sets, 
suggesting that acute UVB response and longer-term UVB effects are mediated by different sets of 
genes. Finally, we identified several novel UVB signature genes including BTG2, IFI27, LYPD3 and 
RGS2, which were consistently upregulated following UVB exposure. Taken together, our findings 
identified a new molecular mechanism explaining melanocyte resistance to UVB irradiation com-
pared to keratinocyte and also uncovered novel UVB signature genes that might help predict the 
photocarcinogenic effects of UVB on the skin.    
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miR-30 is downregulated in human squamous cell carcinoma and UVB exposed keratinocytes
DN Syed, RK Lall, N Akhtar, J Longley and H Mukhtar Dermatology, University of Wisconsin-
Madison, Madison, WI
The transcriptional regulation of genes involved in growth, proliferation and apoptosis is part of 
the cellular response against the adverse effects of solar UV radiation. MicroRNAs (miRNA) are a 
group of small non-coding RNAs which regulate gene functions by targeting sequences in their 3’ 
untranslated regions. Dysregulation of miRNA expression has been observed in various malignancies 
including skin cancers. Very little is known about the role of the miRNAs in the regulation of gene 
expression in response to UV irradiation in human skin. Using the microarray platform, we generated 
a miRNA profile of UVB-irradiated normal human epidermal keratinocytes (NHEKs) selecting the 
physiologically relevant UVB dose of 40mJ/cm2. We identified a subset of 44 miRNAs that were 
significantly (p< 0.05) differentially expressed in NHEKs, 4 h post UVB exposure. qPCR validation 
studies revealed 22 miRNAs that were modulated by UVB irradiation. Additional statistical testing 
showed miR-30, miR-24 and miR-222 to be significantly decreased in both experimental systems. 
Next, we established a well differentiated, 3-D human epidermal skin model, where multiple layers 
of NHEKs were grown on human dermal fibroblasts, closely simulating human skin. Microarray 
analysis of these constructs post UVB exposure showed a significant decrease in the expression 
of miR-30 family members, confirming our data from NHEK monolayer cultures. To understand 
the in vivo relevance of these findings, tissues derived from patients diagnosed with squamous 
cell carcinoma were studied. qPCR analysis demonstrated significant downregulation of miR-30 
transcripts in 5/6 tissues studied, as compared to normal skin. Taken together, our data suggest a 
role of miR-30 in the regulation of UVB induced responses, and a possible correlation between 
miR-30 expression and the occurrence of skin cancer. Further studies are warranted to examine the 
molecular mechanisms involved in the regulatory control of miR-30 target genes in UVB-exposed 
human skin and their involvement in the pathogenesis of skin cancer.    
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Visible light-induced hyperpigmentation in human skin in vivo occurs in dark, but not in light 
skin, and is associated with differential induction of CCL18 and tyrosinase genes
B Rainer, J Qi, J Martin, A Ogurtsova, C Talbot, S Leung, LA Garza, AL Chien and S Kang 
Department of Dermatology, Johns Hopkins University, Baltimore, MD
Studies on cutaneous pigment change from solar radiation have focused on the ultraviolet (UV) 
segment, while visible light (VL) is understudied. We quantified absolute melanin values (AMV) using 
near-infrared spectroscopy and compared gene expression in light and dark skin post VL irradiation. 
10 volunteers (n=5 for skin phototype [SPT] II & n=5 for SPT V/VI) were irradiated daily over 4 days 
with 480 J/cm2 of VL on the buttocks. AMVs in light skin were 426.4±2.8 at baseline (unirradiated 
skin), 428.5±3.3 (P=0.48) at T0 (immediately after 4 daily VL), 429.8±2.3 (P=0.23) at T1 (24 h post 
VL), and 431.5±5.9 (P=0.39) at T7 (1 wk post VL). In dark skin, however, AMVs were 627.7±17.2 
at baseline, 656.2±10.6 (P=0.04) at T0, 649±9.8 (P=0.06) at T1, and 650.9±12.6 (P=0.02) at T7, 
representing immediate and delayed pigment darkening not seen in light skin. 8 subjects (n=4 for 
SPT II & n=4 for SPT V/VI) contributed samples for analysis with Affymetrix GeneChip array. In VL 
exposed skin, genes upregulated at T1 were involved in oxidation/reduction, immune response, 
and pigmentation. RT-PCR results obtained from the same group showed that chemokine [C-C 
motif] ligand 18 (CCL18) and tyrosinase (TYR) mRNA levels were significantly elevated at T1 for 
dark skin (fold changes: 3.35±0.99 [P=0.02], 2.10±0.37 [P=0.01], respectively) but not for light 
skin (6.21±2.81 [P=0.08], 2.29±1.35 [P=0.24]). At T7, increases in CCL18 and TYR gene expression 
levels were marginally significant in dark skin (3.32±1.79 [P=0.08], 2.11±0.95 [P=0.10]) but not 
in light skin (3.91±2.95 [P=0.14], 2.34±1.48 [P=0.17]). Our study demonstrates that VL-induced 
pigmentation occurs in dark but not light skin, correlated with increase in CCL18 and tyrosinase 
gene expression in dark skin. These findings imply greater sensitivity of dark skin to VL. Future 
elucidation of the relationship between VL and CCL18 may offer new targets for intervention in 
disorders of hyperpigmentation.    
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Mixture of Areca catechu nuts and Alpinia katsumadai seeds inhibits skin photoaging by 
inhibition of UVB-induced 11β-hydroxysteroid dehydrogenase type 1 up-regulation
J Nam, J Park, S Yun and S Moon COSMAX R&I Center, Seongnam-si, Korea (the Republic of)
Ultraviolet B (UVB)-induced photoaging responses include the increase of matrix metalloproteinases 
(MMPs) such as MMP-1, 2, and 3 and also the increase of proinflammatory cytokines, typically 
interleukin (IL)-6 and 8 in human dermal fibroblasts. UVB also induces activation and expression 
of 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1), a trigger of skin aging responses, which 
converts inactive cortisone to active cortisol. Since 11β-HSD1 activity and expression are increased 
in UVB-exposed skin, we have screened new herbal extracts that suppress UVB-induced increase of 
11β-HSD1 expression in human dermal fibroblasts (Hs68). As a result, Areca catechu nuts (ACN) and 
Alpinia katsumadai seeds (AKS) extracts significantly blocked the increase of 11β-HSD1 expression 
in UVB-irradiated Hs68 cells. In this study, we investigated whether the mixture of ACN and AKS 
extracts inhibits UVB-induced photoaging in Hs68 cells and 3D skin model. Results showed that 
the mixture of ACN and AKS extracts not only inhibited 11β-HSD1 expression, but also suppressed 
the increase of matrix metalloproteinases (MMP-1, 2, 3) and proinflammatory cytokines (IL-6, 8) in 
UVB-irritated Hs68 cells. ACN and AKS extracts also inhibited MMP-1 expression in UVB-irritated 
3D skin model respectively. In addition, ACN and AKS extracts recovered UVB-induced decreases of 
epidermal thickness in UVB-irradiated 3D skin model as well. Taken together, these results suggest 
that ACN and AKS inhibit UVB-induced skin photoaging, and the mixture of these extracts has a 
synergy effect to be used as a cosmeceutical ingredient.    
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Changes of genes in a time-dependent photoaged mouse model
S Jin1, 3, E Seo1, 3, 2, C Kim,2 I Oh1, 2 and J Chung1, 3, 2 1 Dermatology, Seoul National University 
College of Medicine, Seoul, Korea (the Republic of), 2 Institute of Human-Environment 
Interface Biology, Medical Research Center, Seoul National University, Seoul, Korea (the 
Republic of) and 3 Laboratory of Cutaneous Aging Research, Biomedical Research Institute, 
Seoul National University Hospital, Seoul, Korea (the Republic of)
Photoaging develops as a result of damaging effects by chronic ultraviolet irradiation, characterized 
by coarse wrinkling and loss of elasticity, and finally appeared to be of premature skin aging. The 
underlying mechanisms govern the photoaging accompanying deep wrinkle formation is still lack. 
To better understand molecular events contributing to photoaging, microarray analysis was con-
ducted using an optimized time-dependent wrinkle model in mice. Three mice were assigned to 
each of 7 groups; 1, 2, 4, 6, 8 week UV-exposure groups and 1, 8 week control groups. UVB was 
irradiated three times a week for 8 weeks. The UV dose was increased from 1 MED (1MED=100 
mJ cm-2) up to 4 MED and then fixed until the end. To minimize or exclude the effect of intrinsic 
aging, we selected minimally changed genes (<1.5 fold) compared 1 week to 8 week control group. 
And the genes at least two fold changed at least at one time-point during the 8-week UV exposure 
were chosen. Total of 637 genes were identified as differential expressed genes. By k-means clus-
tering analysis, 8 clusters were obtained, showing that the genes belong to the same GO functional 
annotations have similar expression patterns. For instance, genes included in GO term ‘extracellular 
matrix’ were significantly enriched in a certain cluster. So next, we mapped co-expression network. 
11 genes involved collagen biosynthesis or processing were designated as seed genes to perform 
neighborhood analysis on the co-expression network. To date, collagen regulation is best known 
as being closely related to the wrinkle formation. The neighborhood genes of these 11 collagen 
regulation genes on the co-expression network may be associated with UV-induced wrinkle forma-
tion. Now we suggest top 50 neighborhood genes as candidates related with UV-induced wrinkle.   
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Solar simulated Ultraviolet radiation induces global histone hypoacetylation in human HaCaT 
keratinocytes
X Zhang,1 T Kluz,1 L Gesumaria,1 MS Matsui,2 M Costa1 and H Sun1 1 Environmental 
Medicine, NYU School of Medicine, Tuxedo, NY and 2 Estee Lauder Companies, Melville, NY
Ultraviolet radiation (UVR) from sunlight is the primary effector of skin DNA damage. Chromatin 
remodeling and histone post-translational modification (PTM) are critical factors in repairing DNA 
damage and maintaining genomic integrity, however, the dynamic changes of histone marks in 
response to solar UVR are not well characterized. To study the possible epigenetic mechanism 
involved in photoaging and carcinogenesis induced by solar ultraviolet radiation, we analyzed the 
changes of histone PTMs in immortalized human keratinocytes exposed to solar simulated UVR. 
A significant decrease in lysine acetylation of histones H3 and H4, particularly at positions of H3 
lysine 9, lysine 56, H4 lysine 5, and lysine 16, was found in human keratinocytes exposed to ssUVR. 
These acetylation changes were highly associated with ssUVR in a dose-dependent and time-specific 
manner. Interestingly, H4K16ac, a mark that is crucial for higher order chromatin structure, exhibited 
a persistent reduction by ssUVR that was transmitted through multiple cell divisions. In addition, 
the enzymatic activities of histone acetyltransferases were significantly reduced in irradiated cells, 
which may account for decreased global acetylation. Moreover, depletion of histone deacetylase 
SIRT1 in keratinocytes rescued ssUVR-induced H4K16 hypoacetylation. In summary, our study is 
the first report indicating that solar UVR can target the activities of both HATs and HDACs and 
induce global hypoacetylation in multiple sites on Histones 3 and 4. Given the therapeutic poten-
tial of HDAC inhibitors, further study of specific enzymes that mediate ssUVR induced epigenetic 
alteration will provide more insights into future epigenetic therapy.    
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Antioxidants prevent ozone induced oxidative damage in human keratinocytes
G Valacchi,1 C Sticozzi,1 N Chen,2 Y Krol3 and C Oresajo2 1 University of Ferrara, Ferrara, 
Italy, 2 L’Oreal USA R&I, Clark, NJ and 3 Skinceuticals Inc, New York, NY
Objective: In this study we investigated the ability of antioxidant compounds in preventing 
ozone-induced oxidative stress damage in human keratinocytes. Methods: Normal human epi-
dermal keratinocytes were cultured in keratinocyte growth medium and then pre-treated with 
different antioxidant mixtures composed of vitamin C, vitamin E, ferulic acid, and phloretin. Cells 
treated with different mixtures were exposed to filtered air or different ozone concentrations (0.1, 
0.2 or 0.5 ppm) for 1 hour. One of the most toxic aldehydes formed during oxidant – induced 
lipid peroxidation is 4-hydroxy-2-nonenal (HNE). HNE reacts with amino acids altering protein 
function and forming protein adducts. In order to determine the protective effect of the antioxidant 
compounds we evaluated cellular viability, protein carbonyl and 4HNE-protein adduct presence 
via western blotting and oxyblot, as well as the modulation of underlying transcription factor (NF-
kB) using cell lysates of the nucleus and cytoplasm together with immunohistochemical analysis. 
Results: The cells exposed to different concentrations of O3 showed an increase of LDH release 
while pre-treatment with antioxidant mixtures mitigated this effect. After O3 exposure there was a 
significant dose dependent increase in HNE protein adducts and the pre-treatment with antioxidant 
mixtures prevented HNE protein adducts formation. O3 exposure also caused a significant increase 
in carbonyl protein adduct levels and pre-treatment with the antioxidant mixtures negated this 
effect. Additionally, cells exposed to O3 demonstrated a dose dependent increase in p65 subunit 
expression in both cytoplasm and nucleus. However, pre-treatment with the antioxidant mixtures 
abolished NF-kB nuclear translocation. Conclusion: The present study demonstrated the ability of 
antioxidant mixtures to prevent the noxious effects that ozone induces in human keratinocytes. In 
addition, the study confirmed the ability of O3 to induce NF-kB in keratinocytes and the inhibitory 
effects of antioxidant mixtures on NF-kB induction.    
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CXCL5 is secreted by UV irradiated skin cells and enhances CGRP release in sensory neurons
O Reichert, D Roggenkamp, L Kolbe, L Terstegen, F Staeb, H Wenck and G Neufang R&D, 
Beiersdorf AG, Hamburg, Germany
Overexposure to UV radiation leads to skin damage and primary hyperalgesia. Recently, the chemo-
kine CXCL5 has been identified as a mediator of UVB-induced pain in rodents. However, little is 
known about UV-induced CXCL5 regulation in human skin. In this study, we aimed to analyze 
UV-induced CXCL5 regulation in human skin focusing on the contribution of dermal fibroblasts 
and keratinocytes to altered CXCL5 levels after UV treatment. In a translational approach, we 
show that CXCL5 is elevated in human skin in vitro and in vivo after UV irradiation. CXCL5 lev-
els were increased in suction blister fluids from irradiated human skin. Detailed in vitro-analyses 
showed that human primary keratinocytes and fibroblasts contribute to this response. Whereby, 
CXCL5 expression was increased in monocultured fibroblasts, and skin model-derived epidermis 
but not in monocultured keratinocytes and epidermal equivalents pointing out that the crosstalk 
with fibroblasts is required for UV-induced CXCL5 up regulation in keratinocytes. To investigate 
the potential role of CXCL5 in mediating sunburn pain, we determined CGRP release of primary 
porcine dorsal root ganglion (DRG) neurons during stimulation with recombinant CXCL5. CXCL5 
significantly enhanced Capsaicin-evoked CGRP-release indicating a CXCL5-induced sensitization 
of TRPV1-positive neurons. In conclusion, release of CXCL5 protein is enhanced in human skin in 
vivo after UV irradiation and human dermal fibroblasts and keratinocytes contribute to the observed 
increase in CXCL5. Based on our findings, we propose that, CXCL5 could play a role in UV-induced 
inflammatory pain not only in rodents but also in humans.    
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Autophagy and skin aging 
RP Khusial, M Slade, J Lyga and U Santhanam Cell Biology, Avon Products Inc, Suffern, NY
Skin aging is a complex biological process influenced by a number of intrinsic and extrinsic factors. 
Autophagy is a critical, constitutive cell process that is responsible for the recycling of unnecessary, 
damaged or dysfunctional internal macromolecules and organelles in cells. Autophagy provides the 
cells with essential building blocks that are required to maintain cellular homeostasis and optimal 
cell function. A decrease in autophagy activity has been implicated in a number of aging diseases, 
which are characterized by the accumulation of damaged intracellular components. We examined 
the role of autophagy in skin aging since skin cells are constantly exposed to extrinsic insults that are 
damaging to cellular components. We demonstrated that basal autophagy declines with age and is 
associated with a curtailed expression of several key structural proteins in the epidermis and dermis. 
Surprisingly, we found that extrinsic factors such as UV-irradiation and free radical inducers also 
suppress autophagy activity. These findings suggest that impaired autophagy could contribute to both 
intrinsic and extrinsic skin aging. We have observed that an extract of Tiliacora triandra, a climbing 
vine with a long history of traditional use in Southeast Asia, can stimulate autophagy activity in skin 
cells. The autophagy pathway could serve as a key intervention point to retard / reverse skin aging.   
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Chemiexcitation of melanin derivatives induces cyclobutane dimers in the dark
S Premi,1 S Wallisch,1 C Mano1, 3, A Weiner,1 A Bacchiocchi,2 K Wakamatsu,4 E Bechara3, 
5, R Halaban,2 T Douki6 and DE Brash1, 2 1 Therapeutic Radiology, Yale School of Medicine, 
New Haven, CT, 2 Dermatology, Yale School of Medicine, New Haven, CT, 3 Bioquimica, 
Univ. Sao Paolo, Sao Paolo, Brazil, 4 Chemistry, Fujita Health Univ., Toyoake, Japan, 5 
Ciencias Exatas e da Terra, Univ. Federal de Sao Paolo, Sao Paolo, Brazil and 6 Commissariat 
a` l’Energie Atomique, Grenoble, France
Mutations in sunlight-induced melanoma arise from cyclobutane pyrimidine dimers (CPD), DNA 
photoproducts usually created picoseconds after an ultraviolet (UV) photon is absorbed at thymine 
or cytosine. Surprisingly we found that, in melanocytes, CPD were generated for hours after UVA or 
UVB exposure. These “dark CPD” constituted the majority of CPD in cultured human and murine 
melanocytes and in mouse skin, and they were most prominent in skin containing pheomelanin. 
Using immunohistochemistry, mass spectrometry, RNAi, pharmacologic inhibitors, single-photon 
counting, and specific energy acceptors, we identified the mechanism. Dark CPD arise when 
UV-induced superoxide and nitric oxide combine to form peroxynitrite, one of the few biological 
molecules capable of exciting an electron. Excitation occurred in fragments of melanin, creating a 
quantum triplet state that had the energy of a UV photon but induced CPD by radiationless energy 
transfer to DNA. Melanin may therefore be carcinogenic as well as protective against cancer. This 
result would explain several paradoxes implicating pheomelanin in elevating the risk of sponta-
neous and UV-induced skin cancer in humans and mice. More broadly, these findings validate 
the long-standing suggestion that chemical generation of excited electronic states – the cause of 
bioluminescence in lower organisms – is relevant to mammalian biology.    
607
Signaling pathways that modulate the UVR response of human melanocytes 
A vonKoschembahr, V Swope, R Starner and ZA Abdel-Malek Dermatology, University of 
Cincinnati, Cincinnati, OH
Melanocytes (MC) have a poor proliferation capacity, and a long life span in the epidermis allowing 
for cumulative insults from solar UVR. Given the importance of MC in reducing the genotoxic effect 
of UVR on the skin, it is imperative to maintain their survival with genomic stability. The response 
of MC to UVR is modulated by paracrine factors. These include the melanocortins α-melanocortin 
(α-MSH) and ACTH, as well as endothelin-1 (End-1), which reduce the extent of UVR-induced DNA 
damage, activate DNA repair, and enhance survival of MC. We hereby report on the significance 
of the signaling pathways activated by binding of End-1 to the endothelin B receptor (ETBR) or 
binding of α-MSH to the melanocortin 1 receptor (MC1R), expressed on the cell surface of MC. 
The ETBR activates PKC and intracellular Ca2+ mobilization, and the MC1R signals mainly through 
the cAMP pathway. Irradiation of cultured human MC with UVR results in phosphorylation of the 
stress –activated MAP kinases p38 and JNK. Treatment with End-1 induces p38 and JNK phosphor-
ylation, and augments their phosphorylation by UVR. Treatment with α-MSH also potentiates the 
UVR-induced p38 and JNK phosphorylation. The effects of End-1 on p38 and JNK are mediated 
by activation of intracellular Ca2+ mobilization, but not PKC. The effects of α-MSH on JNK and 
p38 are mediated by increased intracellular cAMP levels, and are absent in MC expressing loss of 
function MC1R alleles. Forskolin mimics the effects of α-MSH, confirming the role of cAMP in p38 
and JNK phosphorylation. Concomitant treatment of MC with End-1 and either SB 203580, the p38 
inhibitor, or SP 600125, the JNK inhibitor abolished the effect of End-1 on repair of cyclobutane 
pyrimidine dimers (CPD). Only SP 600125, not SB 203580, inhibited the survival effect of End-1. 
We expect JNK and p38 to mediate the effects of α-MSH on DNA repair and survival of MC. Our 
results define the significance of the intracellular Ca2+ and cAMP signaling pathways in reducing 
the genotoxic effects of UVR on MC via activation of JNK and p38 and their downstream targets 
that are to be identified.    
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UVB induces mast cell dermal recruitment and activation trough S1P production from human 
keratinocyte 
M Vanderberghe, Z Wang and A Di Nardo Dermatology, UCSD, La Jolla, CA
The skin is constantly exposed to ultraviolet rays (UVR) emitted by the sun. Among them, UVB rays 
are known to cause the majority of UV-related skin diseases. Notably, it has been shown that the 
number of mast cells (MCs) and other inflammatory cells is increased in skin exposed to UVB (Van 
Nguyen 2011). After staining skin sections with toluidine blue 6 days after irradiation with 100mj/
cm2 UVB, we observed that the total number and proportion of degranulating MCs were increased. 
Excessive exposure to UVB radiation induces keratinocyte apoptosis and cell death and triggers 
the production of sphingosine-1-phosphate (S1P) that affects de novo Cer synthesis (Uchida et al., 
2003). MCs express two S1P receptors, S1PR1 and S1PR2, which have been reported to participate 
in the degranulation and migration of MCs (Oskeritzian, 2010). Therefore, we hypothesize that S1P 
released by NHEKs during UVB exposure will stimulate MC migration and degranulation. Coculture 
of MCs with 20mj/cm2 UVB treated NHEKs stimulated MC degranulation and increased expressions 
of Il-6, Il-a and TNF-a. Similar inductions were observed when MCs were directly stimulated with 
S1P. 24 hours after 20mj/cm2 of UVB irradiation, NHEKs showed increased expressions of both 
sphingosine kinase (Sphk) 1 and 2 and increased expression of S1P, confirming that UVB exposure 
induces the expression of Sphks. Using Boyden chambers, we also showed that MCs migrated 
towards irradiated NHEKs. This migration was blocked by DMS (a Sphk inhibitor). Treating MCs 
with JTE 013 (a S1P Receptor blocker) also blocked degranulation and migration toward NHEKs, 
demonstrating that S1P released by NHEKs can be responsible for the effects on MCs. Finally, we 
selectively knocked down Sphk1 and 2 with siRNAs in NHEKs and either irradiated or did not 
irradiate before use in the Boyden chamber assay. Our results showed that knockdown of Sphk1 
led to a significant decrease in MC migration toward keratinocytes. In conclusion, we demonstrate 
that the recruitment of MCs during UVB irradiation of the skin is dependent on the release of the 
S1P by irradiated keratinocytes.    
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Identification of glycolysis-derived α-dicarbonyl metabolites as the smallest known endoge-
nous UVA-photosensitizers in human skin cells and reconstructed epidermis
R Justiniano, S Qiao, JD Williams and GT Wondrak Pharmacology and Toxicology, College 
of Pharmacy and Arizona Cancer Center, University of Arizona, Tucson, AZ
Solar UVA contributes to skin photoaging and photocarcinogenesis through induction of cellu-
lar oxidative stress. Light-driven electron and energy transfer reactions involving non-DNA skin 
chromophores are a major source of cutaneous reactive oxygen species (ROS), but the molecular 
identity of relevant endogenous UVA-photosensitizers in human skin remains largely undefined. 
Here we demonstrate that glycolytic metabolites bearing an UVA-active α-dicarbonyl-chromophore 
[including pyruvate (P) and methylglyoxal (MG)] are potent UVA-photosensitizers in human skin 
cells. Photodynamic inhibition of proliferation was observed in cultured human skin fibroblasts 
and keratinocytes exposed to the combined action of low doses of solar simulated UVA (9.9 J/
cm2) and physiologically relevant concentrations of P or MG in the low micromolar range. Related 
α-dicarbonyl-compounds including 2,3-butanedione were equally active UVA-photosensitizers 
whereas glycolytic metabolites lacking the α-dicarbonyl-chromophore did not display photody-
namic activity. MG-induced photosensitization caused oxidative stress and upregulation of stress 
response gene expression (HMOX1, HSPA1A, HSPA6). Consistent with UVA-driven ROS formation 
by MG, ΦX174-plasmid cleavage assays revealed induction of DNA damage that was enhanced 
by formamidopyrimidine-DNA glycosylase (Fpg)-digestion (indicative of photodynamic introduc-
tion of 8-oxo-dG lesions) and blocked by antioxidants. Comet analysis in keratinocytes revealed 
MG-potentiation of UVA-induced genomic damage, and MG-phototoxicity was also observed in 
human reconstructed epidermis exposed to solar simulated UVA. These data demonstrate that 
glycolysis-derived metabolites containing an α-dicarbonyl-chromophore are a novel class of 
endogenous UVA-photosensitizers displaying the smallest known photodynamic chromophore, 
representing an unexplored mechanistic link between cutaneous energy metabolism and UVA-
driven oxidative stress.    
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Low-level laser treatment of chemotherapy-induced alopecia: A preclinical study in rats
A Lens,1 K Nouri1, 2, J Jimenez1 and TC Wikramanayake1, 2 1 Department of Dermatology & 
Cutaneous Surgery, University of Miami Miller School of Medicine, Miami, FL and 2 Sylvester 
Comprehensive Cancer Center, University of Miami Miller School of Medicine, Miami, FL
Chemotherapy-Induced Alopecia (CIA) affects approximately 65% of patients receiving treatment, 
and is one of the most distressing side effects of cancer chemotherapy. CIA exerts significant neg-
ative impact on patients, and can also deprive patients the privacy of having cancer. Whereas CIA 
is almost always reversible, hair regrowth can take 3-6 months. Therefore, there is an urgent need 
in the clinic for interventions that can prevent or reduce CIA, or accelerate hair regrowth post CIA. 
In recent years, low-level laser therapy (LLLT) using FDA-cleared home devices has been shown 
to promote hair growth in other hair loss situations such as male and female pattern hair loss. In 
this study, we investigated the effects of LLLT on CIA in a rat model. Young Long-Evans rats were 
injected with chemotherapeutic agents to induce total alopecia, treated with LLLT or sham, and 
monitored for hair loss and regrowth. All the injected rats, whether treated with LLLT or sham, 
developed total alopecia, indicating that LLLT did not prevent CIA with our treatment regimen. 
However, LLLT-treated rats showed significantly accelerated hair regrowth than sham-treated rats, 
and this observation was confirmed by histology. Given the positive safety profile of LLLT, our results 
suggest that LLLT should be explored for the treatment of CIA in clinical trials.    
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Enhanced DNA repair in keratinocytes reconstituted into epidermal equivalents
K Ona-Vu1 and DH Oh1, 2 1 Dermatology Research Unit, VA Medical Center, San Francisco, 
CA and 2 Department of Dermatology, University of California, San Francisco, CA
Repair of solar UV radiation-induced DNA damage in epidermis is mediated by nucleotide excision 
repair, and is essential to avoid apoptosis and skin cancer. Though we have previously studied 
regulation of this repair activity in cultured cells, it is unclear if similar mechanisms apply to intact 
epidermis. However, we have observed that monolayer cultures of mouse epidermal keratinocytes 
are nearly devoid of global genomic nucleotide excision repair (GGR) of cyclobutane pyrimidine 
dimers (CPDs) while native as well as explanted mouse epidermis are proficient in CPD repair. We 
tested the hypothesis that GGR activity can be restored to murine epidermal keratinocytes that have 
been reconstituted into three-dimensional epidermis. When undifferentiated epidermal keratino-
cytes from C57BL/6 mice were plated on solid supports with 0.4 μm pores, and then raised to the 
air-liquid interface in differentiation medium, by day 4 they formed stratified squamous epithelia 
morphologically similar to in vivo epidermis, and expressed markers of terminal differentiation, 
including involucrin and loricrin. In addition, these murine epidermal equivalents expressed levels 
of the DNA damage recognition proteins, DDB2 and XPC, that were respectively 5- and 2.5-fold 
greater than cultures not grown at the air-liquid interface. Levels of the vitamin D receptor, which 
regulates GGR, were also elevated in reconstituted epidermis relative to monolayer culture. When 
irradiated with 10 J/m2 ultraviolet C, murine epidermal equivalents removed 23% of CPDs while oth-
erwise identically treated keratinocytes in monolayer culture removed 7% over 48 hours (p<0.05). 
These results demonstrate that the poor GGR activity observed when keratinocytes are cultured 
as monolayers can be stimulated when keratinocytes are reconstituted into a three-dimensional 
epithelium. The results suggest that monolayer cultures of keratinocytes may not fully recapitulate 
normal epidermal photobiolology and that formation of a three-dimensional epidermis may activate 
another level of GGR regulation.    
   
      
      
